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Try
def

[ to wear a plaintiff’s or a
dant’s hat: be objective

u Would my opinion be the same if | worked for
the “other side” in the matter?

u If involved in medical diagnosis, take a fresh
look at the matter (avoid the echo effect)

u Misdiagnosis or misinformation, even under
the excuse of being generous to the plaintiff
or giving the benefit of the doubt, can cause

emotional or physical harm to the claimant or
his family

N
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Usestandardized and well accepted

meﬁ)[dology

u Work in the areas of consensus whenever
possible

u Look for methodologies and positions

endorsed or published by professional
societies

u Discuss your evaluation with colleagues —
don’t be the “Lone Ranger”

i~
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Re@t concisely and transparently

u Document the bases of your assessment
u Don’t be afraid to identify areas of uncertainty
u Don’t try to oversell your opinion
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Be@ood listener

u Avoid argumentative or defensive behavior in
presenting your evaluation

u Let your “yes” be yes and your “no”be no

u Learn from detractors, adversaries, and
alternative points of view

u Make adjustments, as appropriate

u Respond, rather than react to criticism and
challenges

b
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Ex@ure Reconstruction

u Use methodology:
u Standardized and generally recognized
u Endorsed by a professional organization

u Accepted by court or hearing body in
applicable jurisdiction
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“Exposure monitoring is not essential to
exposure assessment. Many occupational
exposures can be assessed without monitoring
data.”

-- J. Damiano and J.R. Mulhausen, A Strategy
for Assessing and Managing Occupational
Exposures, (AIHA) 1998.

Do you agree or disagree with this statement?
Let’s discuss.



Ex@ure Assessment

u Principles the same whether exposures occur
u Yesterday

u Today
u Tomorrow

-
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Stanad
ASSses

ization of REA methodology to Exposure
ent Strategies Committee Paradigm

u Same principles
u Need for same vocabulary

u Standard terminology from other sources
added where necessary

u Additional reading and resources to back up
common terminology and exposure
assessment steps available in AIHA
publications

u Universal, proven, methodology

u Has Retter chance of acceptance if following
published and proven methodology
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Retrospective Exposure Assessment
(RE@ Twelve Step Methodology

Based on the previous paradigm
defined by Larry Birkner and
others as a starting point

Applicable to individuals or
groups

Derived from joint experience

Emphasizes, follows, and
expands on the most applicable
aspects ofst A Strategy for
Assessing and Managing
Occupational Exposures” 16 of 71




A Ive Step (REA) Program for the
In trial Hygienist

1. Define questions to be answered and
establish goals

2. List the jobs and tasks that will be evaluated

|

\

17 of 71



A lve Step (REA) Program for the
In trial Hygienist

3. Determine all potential exposure pathways
and routes of exposure

4. Assemble all available foundation data and
evaluate the relationship between the
foundation data and the target REA

5. Seleet analytic methods to be used and

their associated outputs
18 of 71



A lve Step (REA) Program for the
In trial Hygienist

Define Similar Exposure Groups (SEGS)

Determine Exposure Profiles for each SEG/ apply
to individuals or groups

Compare Exposure Profiles with Benchmark

Expos%e‘rs for individuals or groups (or perform
alterna ﬁ ISk assessment)

|
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A Ive Step (REA) Program for the
In trial Hygienist

9. Identify, review, and evaluate biases,
uncertainties, and assumptions

10. Perform sensitivity analysis and improve
accuracy and precision of key exposure

parameters as necessary
11. Va te assessment
12. Repbrt results
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Define problem
List j's and tasks

~~
Exposure pathways
Gather Data >
Select outputs
Define SEGS
Determine exposure profiles /-~

Compare with benchmarks

© 0 HNEUCEEEEEEEEER Y

Review biases, uncertaintie\,
and assumptions

10. Sensitivity analysis/improve
where necessary

11. Validate

Further Information

)
12. Report ) Gathering

Reassessment



Basic Characterization

Define Problem
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Unaceeptable
Exposure

Further Information
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Starg

1. Define questions to be answered and
establish goals

u  What iIs the purpose?
u  What is the hypothesis?

v What information iIs needed to test the
hypothesis?

u Can | outline mentally or diagram an
approach?

— Review scope with appropriate stakeholders

— Identify subjects, chemicals and/or agents to
%.be evaluated

—  Define goals in writing if practical and possible
23 of 71



Sta@

2. Define the Jobs and tasks that will be
evaluated d‘or each subject)

u Locations, processes, products, and time
periods

u Probability of exposure should be included
when considering whether a specific job or
task needs to be included

b
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¥

Collect and organize
available information on
the workplace, work
force, agents, historical
exposure data,
biological monitoring
data, etc.

Basic Characterization

l

i
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=< Exposure Assessm enif___"‘“

—\-H"\_,_‘_

Unaceeptable
Exposure

Control |

Further Information
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Bas'& Characterization

3. Determine and evaluate exposure
pathways

u Obtain necessary information to define
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Expesure Pathways
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RoUEs of Exposure
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Ba% Characterization
A

4-"Assemble all available foundation data
and evaluate the relationship between
the data and the target REA

u  What information is required?
u  What information is irrelevant?

u Keep on track based on problem definition
— Often testing a hypothesis

— Often don’t even need numerical output
— Look for time saving methods

— You may not need to consider all of the
S.materials listed here
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Ba% Characterization
A

4-"Assemble all available foundation data
and evaluate the relationship between
the data and the target REA

u Detall work histories

— Employment, Union, Military, Social
Security, etc. records

— Interviews

— Depositions of subject, co-workers, and
others if related to legal work

— Summaries of work and exposure histories
usefully summarized in spreadsheet

— Also allows convenient calculations
W for each exposure event

%
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Baﬁ Characterization
A

4-"Assemble all available foundation data
and evaluate the relationship between the
data and the target REA

u Obtain helpful records

— Past monitoring data from colleagues, scientific literature,
and government sources

— Process flow charts

— Process standards

— Standard Operating Procedures

— Production

— Personnel

— Medical / biological and pathological exposure indicators
— Engineering

— Environmental Reports

—ﬁ\Management Reports

—  Etc.
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Basic Characterization

4‘ssemble all available foundation data
and evaluate the relationship between
the data and the target REA

u Conduct walkaround survey

u Interview available workers, managers,
engineers, and medical and safety staff

u Obtain literature
— Toxicological studies and published parameters
— Thresholds (including Basis for TLVS)
— OELs
— Fate and transport parameters
— Emerging issues
— REA Methodologies
—%\Epidemiological studies
— = Governmental environmental reports
—  MSDS 32 0of 71



Helpful Interview Techniques

u Pre-designed forms and questions
u One-one in private

u Leading questions avoided

— No interviewer suggestions of possible
exposure points

— Exposure points not included in analysis unless
mentioned by multiple interviewees

— Follow-up calls to most knowledgeable workers
for final quantification estimates

— Units of measure: drops, teaspoons, cups,
guarts, gallons for spills/dermal contact

—Pre-selected categories used to describe
Inhalation and aerosol exposures

330f 71



Example of Standardized Interview
Cat@ories (for odor/symptoms)

Category 1. No smell or other noticeable effect
Category 2. Barely smell, no symptoms
Category 3. ldentifiable odor, no symptoms
Category 4. Strong odor, no symptoms

Category 5. Overpowering odor/ had to leave
areaand/or noticeable physical symptoms
such'as headaches, giddiness, nausea, etc.

34 of 71



Individual Simple Exposure History
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Individual More Detailed Chemical Exposure

heet Example

James Henry Work and Chemical Exposure Summary Notes
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Individual Chemical Exposure

Spreadsheet Cont'd.

Chemical Frequency and

. . Description, Extent and ) . Personal
Description, Extent, and Frequency and Duration  and/or HpHot, Durationof  Chemical . _
- . . Nature of Dermal Protective Comments
Nature of of Inhalation Exposures  Physical Dermal Agents .
Exposures Equipment
Agents Exposures

WA Agpres 3 yeai el lims HiA& HA Thice yeke parm Eme
MA Agpren |5 moatla [p20) HiA A Agpion 2 shopls ([0l
A Approx. | somd (p20) Hi& WA Approx | send (p20)
Cosslinl expesuse 1o Acins ¢leins Cheaz yenr (pdd) Asies clenes (pd1) Hasls in the salvenl T e 3 hoirs per day Oz yens (3] Az cleaner (pal)

Adbesten saulitios, 1m0 (P00 When his Baauds wen e acl-

w5 Tl e mesthi he deseribel the sde as 3, {pLl)

Elertrenenty
Dheseribed Se oder e 4. (p42) Dhaily Asined clesner (3
Uiz i) epoging Lo sslvenly Acmne ¢leiner asd
I3 Odae desiepibead s i pervisive 3 sinenl i
=30 (p43)

Winrked tiree montlo dusing ppeenl- Acibezibini et

s Ul tiee i weelder, Dhuring this
e of ciun, Wigped everything
i wibsites [om folli N peotaciion

Orserwise, ashenos fpped off of sall



Baﬁ Characterization

4. Assemble all available foundation data
and evaluate the relationship between
the data and the target REA

u Evaluate past monitoring data
— Purpose?
— Screening samples?
— Worst-case?
— Personal samples?
— Area sample?
— Monitoring Duration?
— Number of data points?
—‘*"Methods?

—  Other?
38 of 71



Ba%c Characterization

4. Assemble all available foundation data
and evaluate the relationship between the
data and the target REA

u Perform data quality review, especially of
collected monitoring data

— Is the purpose consistent with objectively evaluating
subject’s exposures?

— Arethe work practices known and similar?

— Were the ventilation conditions similar to those of the
subject or were there a wide variety of ventilation
conditions included?

— Were “worst-case” or peak exposures being determined?
—sa‘*How do sampling times compare?

—  Are there sufficient data points?
39 0of 71



Ba%c Characterization

4. Assemble all available foundation data
and evaluate the relationship between the
data and the target REA

u Perform data quality review, especially of
collected monitoring data
— Are employee-to-employee variations included?
— Are day-to-day variations included in data set?
— Are the sampling and analytical methods appropriate?

— Is the data considered to be representative of an SEG that
would include the subject or is it adequate surrogate
data?

— Can the data be included in a single population statistical
summary?

—&.Can the data be utilized with caveats and qualifications?
— Other considerations?
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Combining sampling results from diverse
stu typically results in a log-normally

distributed population that can be described
with 1ts own statistics
u Higher than usual GSDs

u But highly inclusive of diverse work practices
and ventilation conditions

u Examples

“
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Better to have SEG or surrogate data too inclusive
than toe restricted, but results in more variability In
exposiiieiestimate

From A Strategy for
Assessing and
Managing
Occupational
Exposures, 3rd
Edition (AIHA), 2006
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Range of Air Concentration Measurements for
Sandiing and Machining Asbestos-Containing
AdhEsive (representing different processes) in
the Aerospace Industry (f/cc)
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Basit Characterization

5. Determine analytic methods to be
used and their associated outputs

u Is temporal exposure or total exposure
Information the most relevant?

u Do |l even need the output to consist of
numerical information?

u If nUmerical, deterministic or stochastic?
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Ba@ Characterization

5. Determine analytic methods to be
used and their associated outputs

u Exposure or dose?
u Units?

u Screening methods to be used?

“
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Basit Characterization

5. Determine analytic methods to be
used and their associated outputs

u Qualitative?
u Low, Medium, High
u Less than or greater than various benchmarks
u Other descriptive
u Semi-quantitative?
u Point estimate, deterministic, often RME
u Quantitative within ranges?

u D{ermlnlstlc

u Stochastlc
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TotallExposure — Haber's Rule

u Theconceptthat the product of the concentration (C)
of a substance and the length of time (t) it is
administered produces a fixed level of effect for a given
endpoint has been ascribed to Fritz Haber, who was a
German scientist in the early 1900s

u Often utilized in epidemiological studies for
substances that produce health effects from long-term
exposures such as cancer or pneumoconiosis to
establish a dose-response relationship

u Concept often employed in risk assessment of chronic
exposures

u Total b(posure =C*t
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TotallExposure — Haber's Rule

u Average concentration times duration can be
determined for differing types of exposure to
the same substance in a person’s lifetime

u Each exposure type can be defined as an
exposure event

u The sum of the total exposure for all exposure
events in a person’s lifetime results in his
cumulative lifetime exposure

u Or for a product, location, job, etc.

b
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¥

Define Similar Exposure Groups
(SEGS), determine Exposure
Profiles, and compare with
Benchmark Exposures (or
perform alternate risk
assessment)

Unaceeptable
Exposure

Control |

Further Information
CGathering




Expasure Assessment

6. Define Similar Exposure Groups

u Similar exposure groups (SEGs) are groups of
workers having the same general exposure
profile for the agent(s) being studied because
of the similarity and frequency of the tasks
they perform, the materials and processes with
which they work, and the similarity of the way
they perform the tasks

u SEGs (or surrogate groups) determined for (a.)
sources of data and (b.) classification of
subjects for REA

u Defined by environmental agent, process, job
classification, and task
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Expgsure Assessment

/. Determine Exposure Profiles for each SEG/
apply to individuals or groups

Set up equation(s) that represent exposures or
doses of interest that include all exposure
parameters

Basic form includes C *t if total exposure or dose
IS being determined (for each exposure event)

u

Based on specific intensity, typical duration, average
frequency, number of years of occurrence, etc.

Input singe-valued exposure parameters if determinant

If stochastic, also input underlying exposure parameter
variability (probability distribution functions) in
spreadsheet/stochastic program such as Monte Carlo.

%rclude modifying factors (with associated variability)

Some exposure parameter considerations follow f
510f71



Expésure Assessment

(. Determine Exposure Profiles for each SEG/
apply to individuals or groups

u

Utilize past personal monitoring data
— Screening sample?

— Area sample?

— Same SEG/ data representative?

— Applicable monitoring duration?

— Statistical summary possible?

— Sufficient number of data points?

Or Use Surrogate Data

— Another agent?

— Qame agent, another operation?
W

— Known probability distribution/statistics?
— Likely inclusivity of subject(s)’ exposures?
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Ex@ure Assessment

/. Determine Exposure Profiles for each
SEG/ apply to individuals or groups

u Perform modeling based on physical and
chemical properties?

— Asbestos example: friability

— AIHA Mathematical Models for Estimating
Occupational Exposures to Chemicals

— USEPA guidance
— Pharmacokinetic models
% — eg.,I|EUBK for Lead

%

— Simulation Testing
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Ex@ure Assessment

/. Determine Exposure Profiles for each
SEG/ apply to individuals or groups

u Modifying Factors?
— Primary or secondarily exposed worker?
— Ventilation?

— Ranges in literature

— Two Zone Model, etc.

— Underlying process associated with monitoring data
compared with subject work activity

— Contaminant concentration differences
Usage rates

—\5\ g

—  Etc.
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“Exposure estimates are generally based on 1.) modeling (physical-
chemical properties and/or environmental information) and/or process
usage information; 2) surrogate data (from another agent, from
another operation); and 3) monitoring data (personal, area). In the
early cycles through the exposure assessment process, little
monitoring data typically are available. The initial exposure
assessments are therefore based on modeling and surrogate data. In
Most exposure assessment programs, the majority of assessments
can be resolved in this manner — the majority of those are likely to be
based on unsophisticated or crude modeling. For example, every
time an industrial hygienist reviews a situation and judges the amount
of chemical used to be too low to result in significant exposure, he or
she has performed exposure modeling — even if it is a crude model
performed quickly in one’s head.”

-- John R. Mulhausen, Ph.D., CIH (Mathematical Models for
Estimating Occupational Exposures to Chemicals, 2000)



Simple Model: Exposure Categories of

Asbestos-Containing Products -- Friability

u Friable (High)

u Raw asbestos, pipe insulation,
insulation cements, dry wall
joint compound

>1to 20 f/cc, TWA

u Semi-friable (Medium)

u Asbestos cloth, Asbestos Paper
Products

u <0.1to 1 f/cc, TWA

u Non-friable (Low)

u Encapsulated materials, floor
tiles, friction products,
adhesives, (hand tools),
gaskets

u <0.01to 0.1 f/lcc, TWA

FICC

12.00

10.00 -

8.00 -

6.00

4.00

2.00

0.00

]

Friable

Semi-friable

Non-friable




u

Modifying Factors Example: Effect of
sanding or machining small amounts of
asbestos-containing adhesive

Power sanding a larger
amount of adhesive, a block of
pure cured adhesive without
ventilation: up to 4.3 f/cc

If one percent or less of the
same material were sanded
(such as a bond line), one
would expect less than around
0.043 flcc

F/ICC

5.00
4.50
4.00
3.50
3.00
2.50 -
2.00
1.50 -
1.00
0.50 -

0.00

Sanding on Sanding One
Entire Block of Percent of
Cured Entire Block
Adhesive




Expoiure Assessment

8. Compare Exposure Profiles with Benchmark
Exposures for individuals or groups (or
perform alternate risk assessment)

u Occupational exposure limits
— Expressed as 8 hour TWA
— Expressed as Ceiling
— mg/ms3, ppm, f/cc, etc.

u Occupational exposure limits expressed as
total exposures
— e.g., 45 years X OEL
—EUnits of mg/m3 years, ppm years, f/cc years, etc.
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Expoiure Assessment

8. Compare Exposure Profiles with Benchmark
Exposures for individuals or groups (or
perform alternate risk assessment)

u Disease Thresholds?

— Expressed as total exposures
u Typical, total, lifetime ambient background?
u Less than 10% of benchmark?

u Describe exposure qualitatively in terms of
risk?
. Perform USEPA-style or other type of risk

assessment?
60 of 71



Exposure Statistics Associated with all
Measurements of Sanding of Asbestos-
Containing Adhesives

0.12

0.10 -

0.08 -

F/ICC

0.06 -

0.04 -

0.02 -

0.00 ‘

Today's OSHA Median of Average of
Standard (2006) Measurements Measurements



Indirect Exposures from Sanding

Adhesives

0.12 0.1 fice
0.10
0.08

8 0.0004 f/cc 0.002 f/cc

= 0087 (Also average  (Also upper

Background End of
0.04 - in US) Average
Background)

0.02 |
0.00 ‘ ‘

Today's OSHA
Standard (2006)

5% of Median 5% of Average




¥

ldentify biases and assumptions,

exposure assessment drivers,

validate, and make
Improvements where necessary

Reassessment

E. \.pusure ASsessm l:nt

Unaceeptable
Exposure

l.. nntrul

Further Information
CGathering




I Information Gathering/

Re-Assessment

9.

ldentify, review, and evaluate biases,
uncertainties, and assumptions

Are outputs reasonable?

Is there a need for revisions?
Perform uncertainty analysis

u  USEPA guidance can be helpful

b
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Fur&er Information Gathering/
Re=ASsessment

10. Perform sensitivity analysis and
Improve accuracy and precision of key
exposure parameters as necessary

u Sensitivity analysis can be automated In
stochastic programs (afternoon session)

u Which non-sensitive exposure parameters
can be laid to rest after screening-level
analysis?

u Need for revision of most sensitive exposure
parameters?
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Fu%r Information Gathering/
Re=ASsessment

11. Validate assessment

u Do results make sense?

u Compare subject biomarkers/ pathological or
medical evaluation with results of REA

u Perform exposure re-creation studies

u Compare with alternate assessments
performed by other individuals or groups

u Subject analysis to peer review/ listen to and
adjust.to criticism
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Asbestos Bodies Per Gram of Wet Lung Tissue as a
Function of Mid-Range Exposure Estimate
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Log (F/ICC Years)
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TCDD IN BLOOD FAT (pg/g)

MODELED DOSE VS. ALL RESULTS
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Fu%r Information Gathering/
Re=ASsessment

12. Report results

u Summarize results and their significance
— Perhaps at beginning of report

u Craft arisk statement, if appropriate

u Use twelve-step program as an outline or
checklist for content of body of report

u Document and reference all source

material
.~
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